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ABSTRACT
CVSO30 is a unique young low-mass system, because, for the first time, a close-in
transiting and a wide directly imaged planet candidates are found around a common
host star. The inner companion, CVSO30b, is the first possible young transiting
planet orbiting a previously known weak-lined T-Tauri star. With five telescopes of
the ’Young Exoplanet Transit Initiative’ (YETI) located in Asia, Europe and South
America we monitored CVSO30 over three years in a total of 144 nights and detected
33 fading events. In two more seasons we carried out follow-up observations with
three telescopes. We can confirm that there is a change in the shape of the fading
event between different observations and that the fading event even disappears and
reappears. A total of 38 fading event light curves were simultaneously modelled. We
derived the planetary, stellar, and geometrical properties of the system and found them
slightly smaller but in agreement with the values from the discovery paper. The period
of the fading event was found to be 1.36 s shorter and 100 times more precise than the
previous published value. If CVSO30b would be a giant planet on a precessing orbit,
which we cannot confirm, yet, the precession period may be shorter than previously
thought. But if confirmed as a planet it would be the youngest transiting planet ever
detected and will provide important constraints on planet formation and migration
time-scales.
Key words: planetary systems – stars: individual: CVSO30, 2MASS
J05250755+0134243, PTFO 8-8695 – stars: pre-main-sequence.
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1 INTRODUCTION
During the last two decades the existence of other planetary
systems has gone from speculation to fact. With well over
a thousand planets discovered so far, one of the key ques-
tions is how planets are formed. The two main scenarios cur-
rently proposed are a stellar-like formation in the protostel-
lar cloud through gravitational collapse (e.g. Boss 2001) or
the formation in the circumstellar disc (e.g. Weidenschilling
1983). For the latter scenario two models have been pro-
posed, the core-accretion scenario (Safronov & Zvjagina
1969; Goldreich & Ward 1973; Pollack et al. 1996) and the
disc instability scenario (Cameron 1978; Boss 1997). Since
the discovery of the first very close-in giant exoplanet around
a main-sequence star (Mayor & Queloz 1995) it was argued
that those planets cannot have formed in-situ but have
formed further outwards and than moved inwards by planet-
disc migration. An open problem in planet formation are
the time-scales. According to the core-accretion scenario, a
core is built by collisions of planetesimals, gas from the sur-
rounding disc is accreted and a gas giant is formed. How-
ever, in this scenario the time to form a gas giant is close
to the gas depletion timescale of the discs (Haisch et al.
2001), while, according to the disc instability scenario, gas
giants can be quickly formed by disc fragmentation before
the gas in the disc is depleted (Matsuo et al. 2007). Re-
cently, it was reported that the core-accretion scenario can
overcome the time-scale problem by planetesimal formation
via ’pebble’ concentration and gravitational collapse. This
so-called ’pebble accretion’ model can produce cores of ten
Earth masses in a few thousand years (Levison et al. 2015).
As of today (2016 April 14) 2107 extrasolar planets (candi-
dates) in 1349 planetary system are listed in the “The Ex-
trasolar Planets Encyclopaedia” (exoplanet.eu). Almost all
the planets (and host stars) are, however, Gyr old, making
it difficult to study planet formation. Planets (candidates)
around pre-main sequence (PMS) stars have been discovered
so far only with the direct imaging technique. However, be-
cause these planets are usually on very wide orbits around
their host star it is not possible to determine their mass dy-
namically. Hence, their planetary status is model-dependent
and still uncertain. Young transiting planets are of great
importance for the study of planet formation since their ob-
served light curves (LCs) directly yield planetary, stellar and
geometrical properties. Therefore it is possible to test evo-
lutionary models and, hence, to distinguish between planet
formation scenarios.
To constrain the limits for the time-scales of planet forma-
tion and migration we established the “Young Exoplanet
Transit Initiative” (YETI), a search for transiting planets
in young open clusters. The motivation, observing strategy,
target cluster selection, and first results of our first target
cluster Trumpler 37 can be found in Neuha¨user et al. (2011)
and Errmann et al. (2013, 2014). In summary, YETI is a
network of small to medium size telescopes (0.2 to 2.6m)
spread worldwide at different longitudes. The telescope net-
work enables the observation of the targets continuously for
several days in order not to miss any transit.
Young open clusters provide an ideal environment for the
search for young extrasolar planets and to study stellar vari-
ability, since they feature a relatively large number of stars
of the same known age and metallicity at the same distance.
Table 1. Physical and orbital properties of the CVSO30 system
summarized from literature.
Parameter Value Ref
stellar parameters
Mass star MA (Baraffe) [M⊙] 0.44 [1]
Mass star MA (Siess) [M⊙] 0.34 [1]
Radius star RA [R⊙] 1.39 [1]
Effective temperature Teff [K] 3470 [1]
Distance d [pc] 323+233
−96 [1]
Age [Myr] 2.39+3.41
−2.05 [5]
v sin(i) [km s−1] 80.6±8.1 [2]
Spectral type M3 [1]
class WTTS [1]
V [mag] 16.26 [1]
R [mag] 15.19 [2]
I [mag] 13.74 [2]
J [mag] 12.232±0.028 [4]
H [mag] 11.559±0.026 [4]
KS [mag] 11.357±0.021 [4]
planetary parameters CVSO30 b
Epoch zero transit time T0 [d] 2455543.9402
±0.0008 [2]
Orbital period Pb [d] 0.448413±0.000040 [2]
Semi-major axis ab [au] 0.00838±0.00072 [2]
Inclination i [◦] 61.8±3.7 [2]
Radius planet Rb [RJup] 1.91±0.21 [2]
1.64/1.68±0.07a [3]
Mass planet Mb [MJup] <5.5±1.4 [2]
3.0±0.2/3.6±0.38a [3]
spin-orbit angle ϕ [◦] 69±2/73.1±0.6a [3]
planetary parameters CVSO30 c
Orbital period Pc [yr] ∼27250 [5]
Semi-major axis ac [au] 662±96 [5]
Effective temperature Teff [K] 1600
+120
−300 [5]
log gc 3.6
+1.4
−0.6 [5]
Radius planet Rc [RJup] 1.63
+0.87
−0.34 [5]
Mass planet Mc [MJup] 4.7
+3.6
−2.0 [5]
J band (differentialb) [mag] 7.385±0.045 [5]
H band (differentialb) [mag] 7.243±0.014 [5]
KS band (differential
b) [mag] 7.351±0.022 [5]
adifferent values due to using the stellar mass derived either with
Baraffe or Siess models
bDifference between host star and CVSO30 c
References: [1] Bricen˜o et al. (2005), [2] van Eyken et al. (2012),
and [3] Barnes et al. (2013) [4] Skrutskie et al. (2006) [5]
Schmidt et al. (2016)
One target of YETI is the young open cluster 25Ori in
the nearby Orion OB1 association. It was discovered by
Bricen˜o et al. (2007) and contains > 200 low-mass PMS
stars concentrated within ∼ 1◦ around the early B-type star
25Ori. The Hipparcos stars in the cluster yielded a distance
to 25Ori of ∼ 330 pc. The position of the low mass mem-
bers in the colour-magnitude diagram corresponds to an
isochronal age of ∼7-10 Myrs. 25Ori is the most populated
cluster in this age range known within 500 pc and, hence, is
an excellent laboratory to study the early evolution of sun-
like stars, protoplanetary discs, and planet formation. Our
observations of 25Ori started in January 2010. During the
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(northern) winter 2010/2011 25Ori became a target of YETI
where it was monitored for three consecutive years with up
to 13 telescopes located in Europe, Asia and America. As
a result we confirm the presence of transit-like flux drops
first reported by van Eyken et al. (2012). Here we present
our YETI (four telescopes) and photometric follow-up ob-
servations of CVSO30.
2 CVSO30 IN 25ORI
CVSO 30 (2MASS J05250755+0134243, PTFO 8-8695) was
first identified as a weak-line T-Tauri star in the large-
scale, multiepoch CIDA Variability Survey of Orion OB1
(Bricen˜o et al. 2005). The star of spectral type M3 is lo-
cated in the OB1a sub-association at an average distance of
357±52 pc (Downes et al. 2014) and is a member of 25Ori
(Bricen˜o et al. 2007). The fast rotating PMS star CVSO30
with an effective temperature of ∼ 3470K is one of the
youngest members of 25Ori. Isochrone fitting yielded an age
of ∼2.4Myr and a mass of 0.34 to 0.44M⊙ (depending on
the used stellar evolutionary model). The LC of the young
star CVSO30 is dominated by stellar variability as expected
for a PMS object. Within our data set we find the ampli-
tude of light variation for the R=15.2mag star varying up
to ∼ 0.1 mag (excluding occasional flares).
van Eyken et al. (2012) first discovered the fading events
of CVSO30 in the data of the Palomar Transient Factory
(PTF) Orion project. The survey used the Palomar 48′′
Samuel Oschin telescope to monitor a 7.26 deg2 region cen-
tred around the young open cluster 25Ori (van Eyken et al.
2011). The field was observed for 14 nights between 2009
December 1 and 2010 January 15 and another seven nights
in 2010 December.
The transiting planet candidate CVS0 30 shows a typical
transit-like LC with an period close to or synchronous with
the stellar rotation period. Every ∼ 0.4484 d the brightness
drops for ∼ 100min by ∼ 37mmag. With one of the shortest
periods known so far and the very small orbital radius of
around twice the stellar radius it appears to be at or within
the stellar Roche limiting radius. Therefore CVSO30 b could
be subject to mass loss or disintegration due to tidal forces
induced by its host star.
An interesting feature of the LC of CVSO 30 was men-
tioned by van Eyken et al. (2012). In their two sets of LCs
(2009 and 2010) it can clearly be seen that there is an over-
all change in the shape of the fading event between the
two years. Barnes et al. (2013) showed that the unusual LC
shapes of CVSO30 and their variation in van Eyken et al.
(2012) can be explained by a precessing planet transiting a
gravity-darkened star 1. From their modelling they derived a
precession period of 300 to 600 d assuming the spin-orbit to
be synchronously locked. As a consequence of the precession
the fading event is expected to disappear for a period of time.
Kamiaka et al. (2015) reanalysed the LCs along with their
own observations at the Koyama Astronomical Observatory.
Their precession modelling, without requiring the spin-orbit
synchronous condition, resulted in three possible precession
1 if a star rotates fast enough to become oblate it shows a higher
surface gravity on the poles than on the equator, and thus a higher
temperature and brightness (von Zeipel 1924)
periods (827,475, and 199 d), the latter one is preferred by
their observations. Howarth (2016) repeated the precession
modelling using improved treatments of stellar geometry,
surface intensities, and gravity darkening. They found that
the LCs can be reproduced but their solution requires a
near-critical stellar rotation and a significant photometric
variability which disagrees the observations. Therefore they
claimed that ’an exoplanet transiting a precessing, gravity-
darkened star’ may not be the correct explanation.
van Eyken et al. (2012) obtained radial velocity (RV) mea-
surements in the visual wavelength range using the HRS on
the Hobby Eberly Telescope and HIRES on the Keck I Tele-
scope. Their fitted transit model (orbital elements were fixed
to the photometric derived values) appears significantly out
of phase with the data. Their best-fitting model shows a
phase-offset from the transit ephemeris. They conclude that
the RV signal most likely arises because of spot effects mod-
ulated by the stellar rotation, where the amplitude of the
spot effect is at least comparable or even greater than the
signal from the planet. As a result they estimate an upper
mass limit for the planet of MPl 6 5.5±1.4MJup. Although
van Eyken et al. (2012) could not definitively rule out po-
tential false positives Barnes et al. (2013) could not find any
false-positive scenario that could reproduce the combination
of gravity darkening and nodal precession that is seen in
the system. From these investigations Barnes et al. (2013)
could narrow down the mass range of CVSO30 b to 3.0 to
3.6 MJup.
Photometric follow-up observations of Ciardi et al. (2015)
with the Las Cumbres Observatory Global Telescope Net-
work (LCOGT) and Spitzer show the expected dis- and
reappearance of the fading event, while the RV follow-up ob-
servations with Keck NIRSPEC failed to detect the Rossiter-
McLaughlin effect as well as the planetary signal. From a
comparison with the precession models they concluded that
model and observations are not in perfect agreement and
that the data are currently insufficient to confirm the plan-
etary status of CVSO30 b.
Multicolour photometry of CVSO30 from Koen (2015) in six
nights in January 2015 showed no signs of a fading event.
He concluded that the dips in the LC could be either part
of a complicated non-sinusoidal variability or a temporary
absence of the fading events due to precession of the orbit
as previously claimed.
Yu et al. (2015b) presented three tests of the planet hy-
pothesis. They observed 26 different fading events with the
1.2m telescope at the Fred Lawrence Whipple Observatory
(FLWO) and the 0.6m TRAnsiting Planets and PlanetesI-
mals Small Telescope (TRAPPIST) between 2012 and 2015,
some of them simultaneously in different filters. They also
carried out ground-based infrared observations with one of
the Magellan 6.5m telescopes and re-analysed the Spitzer
data, already reported in Ciardi et al. (2015), in order to
identify the secondary eclipse. Furthermore, to detect the
Rossiter-McLaughlin effect they obtained high-resolution
spectroscopy with HIRES. They created five hypotheses to
explain the existence of the brightness dip but disfavour the
giant-planet model because all three tests failed to confirm
the planetary nature of CVSO30b.
Recently, Schmidt et al. (2016) reported on the direct de-
tection of a wide separation (∼660 au) planet candidate
around CVSO30. Hence, CVSO30 is the first system har-
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Table 2. Observatories and instruments which monitored (first five lines) or followed-up CVSO30.
Observatory Long. (E) Lat. (N) Altitude Mirror /© Camera # Pixel Pixel scale FoV
[◦] [◦] [m] [m] [′′/pix] [′]
Gunma/Japan 139.0 36.6 885 1.50 Andor DW 432 1250 x 1152 0.57 12.5 x 12.5
Xinglong/China 117.6 40.4 960 0.90b E2V CCD203-82 4096 x 4096 1.38 94.0 x 94.0
Rozhen/Bulgaria 24.7 41.7 1759 0.70a FLIProLine 16803 4096 x 4096 1.08 73.8 x 73.8
Jena/Germany 11.5 50.9 370 0.90b E2V CCD42-10 2048 x 2048 1.55 52.8 x 52.8
(STK)c
CIDA/Venezuela 289.1 8.8 3600 1.00 FLI ProLine 4240 2048 x 2048 0.54 19.2 x 19.2
Sierra Nevada/Spain 356.6 30.1 2896 1.50 VersArray:2048B 2048 x 2048 0.23 7.8 x 7.8
0.90 VersArray:2048B 2048 x 2048 0.39 13.2 x 13.2
La Silla/Chile 289.3 -29.3 2335 2.2 Wide Field Imager 8 times
(WFI) 2142 x 4128 0.24 34.0 x 32.7
a0.50m in Schmidt mode, b0.60m in Schmidt mode, c Mugrauer & Berthold (2010)
bouring both a close-in transiting and wide separation di-
rect imaging planet candidates. From spectroscopic obser-
vations Schmidt et al. (2016) deduced a mass for CVSO30 c
of 4.7+3.6−2.0MJup which is very close to the mass of the pu-
tative planet candidate CVSO30 b. The properties of the
system including the host star and the two planet candi-
dates are summarized in Table 1. This system will give
us the matchless opportunity to study planet formation
and migration theories such as the planet-planet scatter-
ing that may be responsible for massive close-in planets
(Weidenschilling & Marzari 1996).
3 OBSERVATION AND DATA REDUCTION
We first observed the 25Ori cluster from 2010 Jan to Apr
using the 90 cm Schmidt telescope of the University Obser-
vatory Jena. In this first phase, the Gunma Astronomical
Observatory joined the photometric monitoring in 2010 Jan
and Feb.
During the (northern) winter 2010/2011, 25Ori became a
target of the YETI project where we arranged several inter-
national campaigns. The individual runs of these campaigns
are typically 7 to 12 days long, and about three runs per
year for three subsequent years. Since Orion is only observ-
able in the winter half year from the northern hemisphere
we divided the observations into seasons, where the start
of the YETI monitoring (northern winter 2010/2011) corre-
sponds to season 1 (S01). A summary of the participating
observatories and their observations is given in Table 2 and
Table 3.
3.1 YETI monitoring
The complete YETI monitoring were done in R-band filter
while the exposure times were chosen according to the indi-
vidual telescope and instrumental setup. While most obser-
vations were obtained in the frame of the YETI campaigns,
there are also some independent contributions, e.g. the Uni-
versity Observatory Jena observed the cluster in every clear
night in the four observing seasons.
At the University Observatory Jena we observed 25Ori in
a total of 95 usable nights (108 nights in total see Table 3),
eight nights between 2010 Jan and Apr (S00), 43 nights
Table 3. Summary of the CVSO30 monitoring observations in
the period from 2010 January to 2013 February.
Observatory Run* Date nights
Jena/Germany S00 outside campaign 10
S01-1 2010 Dec 10 – 17 0
S01-2 2011 Jan 14 – 24 3
S01-3 2011 Feb 16 – 28 9
S01 outside campaign 39
S02-1 2011 Dec 05 – 16 8
S02-2 2012 Jan 09 – 18 2
S02-3 2012 Jan 31 –Feb 09 8
S02 outside campaign 24
S03-1 2012 Dec 04 – 14 1
S03-2 2013 Jan 08 – 18 1
S03-3 2013 Feb 10 – 17 3
total observations 108
CIDA/Venezuela S02-1 2011 Dec 05 – 16 5
S02-2 2012 Jan 09 – 18 6
S02-3 2012 Jan 31 –Feb 09 8
total observations 19
Rozhen/Bulgaria S02-1 2011 Dec 05 – 16 5
S02-2 2012 Jan 09 – 18 3
S02-3 2012 Jan 31 –Feb 09 0
total observations 8
Xinglong/China S03-1 2012 Dec 04 – 14 2
S03-2 2013 Jan 08 – 18 8
total observations 10
Gunma/Japan S00 outside campaign 4
∗Name of the campaign runs e.g. S01-1: Season 1 (northern
winter 2010/2011) Run 1
between 2010 Oct and 2011 Apr (S01), 39 nights between
2011 Oct and 2012 Mar (S02), and five nights in 2012 Dec
and 2013 Jan. The exposure time of the individual images
was 50 s. The University Observatory Jena thus accumulated
118.14 h or 8506 individual exposures yielding photometric
data reaching sufficient precision for the analysis of the fad-
ing events of CVSO30.
CVSO30 5
Table 4. Summary of the follow-up observations of CVSO30
done in the 2013/2014 and 2014/2015 seasons.
Date Observatory* Filter Nexp Texp (s)
2013 Nov. 01 OSN-1.5m R 106 60,120
2013 Nov. 10 OSN-1.5m R 98 120
2013 Nov. 14 OSN-0.9m R 118 120
2013 Nov. 23 OSN-0.9m R 120 120
2013 Dec. 02 OSN-1.5m R 182 60
2013 Dec. 06 OSN-1.5m R 220 60
2013 Dec. 11 OSN-1.5m R 157 60
2013 Dec. 12 Jena-0.6m R 41 180
2014 Nov. 27 La Silla-2.2m R 60 10
B 60 30
∗for a description see Table 2.
We observed 25Ori with the 1.5m reflector of the Gunma
Astronomical Observatory (GAO) using the Gunma LOW-
resolution Spectrograph & imager (GLOWS) on 2010 Jan
29, 30, 31 and Feb 18; the exposure time was 30 s during
2010 Jan and 60 s on 2010 Feb 18.
In S02, the Centro de Investigaciones de Astronomı´a (CIDA)
observed 25Ori with their 1m Coude´ reflector which is
equipped with an optical CCD camera. Because of the small
FoV mosaicing was performed. The mean cadence of the 60 s
exposures was ∼8min which is sufficient to study variability
on the timescale of ∼100min. In the campaign runs S02-1,
S02-2, and S02-3, CIDA provided a total of 19 nights with
usable data.
The Bulgarian National Astronomical Observatory (NAO),
located in the Rhodopy Mountains at peak Rozhen, con-
tributed five observing nights in S02-1 and three in S02-
2. Their monitoring was carried out with their 50/70 cm
Schmidt and an exposure time of 60 s. Usable data were
obtained in seven out of eight nights.
The Xinglong station of the Beijing Astronomical Obser-
vatory (BAO) obtained 10 nights of data in two campaign
runs in 2012 Dec (S03-01) and 2013 Jan (S03-02). With a
90 cm Schmidt telescope (60 cm in Schmidt mode, Wu et al.
2007) Xinglong collected 604 individual 60 s exposures of
CVSO30.
The photometric data were reduced following standard pro-
cedures including subtraction of bias (as overscan) and dark
and dividing by a sky flat field. We calibrated the CCD im-
ages using the IRAF2 routines textitdarkcombine, flatcom-
bine and ccdproc. In case of the data of CIDA, Rozhen as
well as Xinglong the basic data reduction was done by the
observers.
3.2 Follow-up photometry
Following the end of international YETI campaign for 25Ori
in 2013 Feb we obtained further photometric follow-up of
CVSO30. To that end, we scheduled observations at the
2 IRAF is distributed by the National Optical Astronomy Obser-
vatories, which are operated by the Association of Universities for
Research in Astronomy, Inc., under cooperative agreement with
the National Science Foundation.
University Observatory Jena in the 2013/2014 season. Ad-
ditionally, we were granted observation time at the 1.5m
telescope of the Observatorio de Sierra Nevada in 2013 Oct-
Dec, and at the 2.2-m MPG/ESO telescope at La Silla in
2014 Nov. The information about the follow-up observations
are summarized in Table 4. The basic data reduction was
done as explained in 3.1.
In 2013 we applied for observing time at the Observatorio
de Sierra Nevada (OSN) operated by the Instituto de As-
trof´ısica de Andaluc´ıa, CSIC. We obtained a total of seven
usable observations of the fading event. Five observations
were obtained using the 1.5m reflector, additional two with
the 90 cm telescope. All observations were carried out in the
R-band, and the exposure times varied between 60 to 120 s;
see Table 2 for a summary of the equipment.
At the University Observatory Jena we observed CVSO30
in one more night in 2013 Dec. To achieve a better S/N for
the R=15.2mag star the exposure time was set to 180 s. The
observations were done in the R passband.
In the night 2014 November 26/27, we observed CVSO30
for ∼ 3 hours with the WFI (Wide Field Imager) instrument
mounted at the 2.2-m MPG/ESO telescope at La Silla. The
observation covers a full fading event, including some pre-
and post- brightness dip time. Individual exposures were
obtained with two alternating filters: BB#B/123 ESO878
andBB#Rc/162 ESO844 (hereafter B and R filters) so that
we essentially obtained simultaneous two-band photometry.
The integration time was 30 s for the B- and 10 s for the R
filter. To minimize overheads, the filters were only changed
after two subsequent exposures. The WFI detector consists
of eight CCD chips. The source was located on chip no. 513
for all but the first two exposures, which we therefore, ex-
cluded from the following analysis.
4 PHOTOMETRY
While the basic data reduction was either done by the in-
dividual observers or in Jena, the photometry was carried
out uniformly for all observations. Magnitudes were derived
by performing aperture photometry with the dedicated IRAF
user script chphot which is based on the standard IRAF rou-
tine phot. Our script allows us to obtain simultaneous pho-
tometry of all field stars in an image. For this purpose a list
of the pixel coordinates of all detectable stars was created
using SOURCE EXTRACTOR (SEXTRACTOR; Bertin & Arnouts
1996). Our final target list is based on the maximum FoV
of all telescopes participating in any YETI campaign (i.e.,
2.7◦ x 2.7◦) and contains a total of 30894 stars.
The positions of the stars on the individual images were
determined using either ECLIPSE Jitter (Devillard 1997) or
SEXTRACTOR. The result was compared with the reference
list of stars as done by Errmann et al. (2014). While ECLIPSE
Jitter is faster, it is only applicable to image time series with
small pixel shifts. SEXTRACTOR can also handle large pixel
shifts, which are present, e.g., in the case of mosaicing.
To transfer the reference list of stars from one telescope to
the other we used either simple coordinate transformation
3 see http://www.eso.org/sci/facilities/lasilla/instruments/wfi/overview.html
for details
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based on pixel scale and orientation of the detector (only
possible for no or little field distortions i.e. small FoVs) or
we did an object detection on a astrometric calibrated image
and matched the right ascension and declination with TOP-
CAT (Taylor 2005) to the initial target list. In the latter case
the images were calibrated using astrometry.net (Lang et al.
2010).
Differential photometry was performed with the PHOTOME-
TRY program developed by Broeg et al. (2005). By taking
a weighted average of all available field stars, the program
creates an optimised artificial comparison star. The indi-
vidual weights are deduced from the standard deviation of
the processed time series for each star. Faint and/or variable
stars with a high standard deviation enter the artificial com-
parison star with a low weight while bright, constant stars
contribute with higher weights. With this method, LCs for
all field stars can be obtained by comparison with the arti-
ficial standard star.
To find the optimal radius for the extraction aperture, ten
different aperture radii were tested; the annulus for sky sub-
traction remained fixed. For each aperture we determined
the standard deviation of the LCs for a sample of con-
stant stars which were selected as the ones with the highest
weights in the artificial comparison star. The radius that
yields the smallest sum of standard deviations was finally
chosen.
The photometry was obtained for individual nights except
for the observations with CIDA for which the number of
images per night remains small due to the mosaicing. To
combine data from different nights we applied the proce-
dure described in Errmann et al. (2014) which is based on
the night-to-night difference in the differential magnitudes
of constant standard stars.
To account for systematic effects that are present in the LCs
of all stars, two more steps were carried out. First, the LC
of a bright, constant star was used to identify outliers at-
tributable, e.g., to dome vignetting, changing weather con-
ditions or jumps due to large pixel shifts. In particular, we
applied sigma-clipping to the LC of the chosen reference star
and removed the identified outliers from all LCs. Second, we
calculated the average photometric error of CVSO30 and re-
moved every data point whose uncertainty exceeds twice the
mean value. A factor of two was found appropriate to keep
LCs showing reasonable behaviour, but eliminate obviously
inappropriate sections of the LC caused, e.g., by non-optimal
weather conditions.
5 LIGHT CURVE ANALYSIS
The original LCs for all usable nights for each telescope are
shown in the appendix Figs. A1, A2, A3, A4, A5, A6, A7,
and A8. The expected time windows of the fading events are
highlighted as grey shaded areas. The mid-times were calcu-
lated using the updated ephemeris (see section 5.3),and the
duration was fixed to the value of van Eyken et al. (2012).
The LCs of the Gunma Astronomical Observatory in S00
provide partial coverage of a single fading event. While the
associated LC does show an increase in brightness at the
expected time of egress, no pre-event reference level is avail-
able. Therefore we cannot exclude that the change in bright-
ness is due to stellar variability.
During the first season of the international campaign (S01),
the observations at the University Observatory Jena cov-
ered two clearly detected fading events (JD 2455534 and
2455601). Partial coverage of another two fading events (JD
2455615 and 2455619) shows a clear egress, however, the
ingress remained unobserved. In a few more cases a detection
of the fading event is evident but remains insignificant due to
larger measurement uncertainties or data gaps (JD 2455533,
2455584, 2455614, 2455618). Interestingly, no brightness dip
is visible during the fully covered window at JD 2455627. In
addition to the stellar variability probably attributable to
rotation, a few likely flares at JD 2455478, 2455614 (during
the fading event), 2455628 and probably at 2455649 (also
during the fading event) can be identified.
In S02 altogether 27 individual fading events were at least
partially covered by our observations at Jena, CIDA and
Rozhen. Unfortunately, observational overlap is only avail-
able for the night at JD 2455941 during which the Jena
and Rozhen observatories simultaneously provide post-event
coverage. While no fading event was observed simultane-
ously, the observed stellar variability is consistent in time
and amplitude for both observatories so that we can ex-
clude systematic effects between the telescopes.
In the last observing season, S03, we collected two complete
and two partial fading events. The depth of the fading event
at JD 2456305 seems to be smaller than other fading events
observed in previous seasons.
While the fading events show a varying depth, several
events seem to have asymmetric profiles (e.g. JD 2455890
or 2455944). In general, it is evident, even though not sig-
nificant, that the shape changes between different fading
events. Interestingly, there are as few as eight days between
a clear detection and a non-detection (e.g. JD 2455619 and
2455627).
The original LCs of our follow-up observations are shown
in the appendix Fig. A9. For the OSN data we detected a
clear signal of the fading event in all seven observations. The
analysis of the data revealed that the beginning of the fad-
ing event was missed by applying the ephemeris given by
van Eyken et al. (2012). Therefore the ephemeris were re-
fined. The LC from JD 2456633 shows a feature that could
be attributable to a flare during the egress at the end of
the fading event. Besides these occasional events during the
fading event, the shape seems to change. While JD 2456598,
2456607 and 2456629 look “u”-shaped, the remaining fading
events are more similar to a “v”. Also the follow-up LC of
the University Observatory Jena shows a clear detection of
the brightness dip. Interestingly, all events observed at the
OSN and the University Observatory Jena in the 2013/2014
season seem to be shallower compared to the fading events
from S02.
The LCs obtained at the 2.2-m MPG/ESO telescope at La
Silla in B- and R-band are shown in Fig. 2. According to
our modelling (see following section), the LCs show a fading
event with the same depth (∼ 3 per cent) and shape in both
bands. The S/N (depth of the fading event divided by the
standard deviation of the out-of-event data points) is 2.7 and
2.4 for the B- and R-band LC, respectively. Although the
detection of the same profile of the fading event in two pho-
tometric bands lends some support to the planetary tran-
sit hypothesis because a starspot is expected to produce a
colour-dependent signal, the simultaneous multiband obser-
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Table 5. Results of the LC modelling and derived physical prop-
erties of the CVSO30 system. Values given in van Eyken et al.
(2012) are shown for comparison.
Parameter This work van Eyken et al. (2012)
Measured
a
R∗
1.805± 0.004
0.008 1.685± 0.064
k = RPl
R∗
0.1916± 0.0025
0.0040 0.1838± 0.0097
u (R band) 0.51± 0.05
0.06
v (R band) 0.47± 0.06
0.06
u (B band) 0.40± 0.30
0.24
v (B band) 0.20± 0.31
0.31
Derived
a [au] 0.00840± 0.00036a 0.00838± 0.00072
RPl [RJup] 1.87±
0.08
0.09 1.91± 0.21
ρPl [ρJup] 0.46±
0.07
0.07
Teq [K] 1826b
Θ 0.074± 0.010
0.010
RA [R⊙] 1.00±
0.04
0.04 1.07± 0.10
ρA [ρ⊙] 0.39±
0.002
0.005
a calculated with the updated period (see section 5.3)
b No uncertainty given for the stellar Teff in Bricen˜o et al. (2005)
vations by Yu et al. (2015b) show a deeper brightness dip
in the bluer band in four out of five cases. Both these ob-
servations and the fast evolution observed by us are hard to
reconcile with the planetary hypothesis.
Stellar activity is a problem for the detection of the tran-
sit events and the derivation of the planetary properties. As
expected for a T-Tauri star the LCs of the candidate are
dominated by stellar variability. In order to model the fad-
ing event for a derivation of the planetary candidate prop-
erties, the effects of the stellar variability in the LCs need to
be minimized. As shown by Koen (2015) CVSO30 exhibits
a complicated non-sinusoidal quasi-periodicity with several
frequencies which are, so far, not well understood. Therefore
it is not possible to create a full parametric model for the
stellar variability. Thus, we decided to treat every LC indi-
vidually with a model that best fits the data. The LC were
detrended by fitting either a polynomial up to the third or-
der or a spline to the out-of-event points. The IDL routines
splinesm and POLY FIT were used for this purpose. This
method generated decent detrended LCs for complete fading
events with data point of both sides of the event. Since it is
not possible to extrapolate the behaviour of the variability
to the other side in case of partial fading events, the de-
trended LCs are not reliable. For example, a change of the
polynomial order could result in a different depth. There-
fore, the results obtained with the partial LCs should be
taken with caution.
5.1 Transit Fitting
The detrended LCs were modelled with the Transit Analy-
sis Package4 (TAP v2.1, Gazak et al. 2012). Using Bayesian
4 http://ifa.hawaii.edu/users/zgazak/IfA/TAP.html
 0.85
 0.9
 0.95
 1
 1.05
 0.62  0.64  0.66  0.68  0.7  0.72  0.74
re
la
tiv
e 
Fl
ux
 +
 c
on
st
an
t
JD-2456988  [d]
B 
R 
Figure 2. B- and R-band LCs of JD 2456988 observed at the
MPG/ESO 2.2m Telescope at La Silla. The fading event is clearly
detected and shows the same depth (∼ 3 per cent) in both wave-
length bands.
Markov Chain Monte Carlo (MCMC) techniques TAP fits
the analytic transit model of Mandel & Agol (2002) (with
quadratic limb darkening) to the LCs with the fast exoplan-
etary fitting code (EXOFAST, Eastman et al. 2013). To de-
termine parameter uncertainties TAP incorporates a wavelet
based likelihood function developed by Carter & Winn
(2009). Since this technique parametrizes uncorrelated as
well as time-correlated noise it allows one to estimate ro-
bust parameter uncertainties.
During our observations we detected 38 fading events with
highly variable quality that varies in shape between differ-
ent observations. The shape of a transit is described by the
depth, the total duration and the duration of ingress and
egress. Both, the total duration and the depth of a transit,
depend on the orbital inclination i.
Using the assumption of a precessing planetary orbit
(Barnes et al. 2013) we could facilitate the modelling. We
account for the changing shape by fitting an individual in-
clination for each fading event, while the semimajor-axis
scaled by stellar radius a
R∗
, the planetary to stellar radii
ratio k, and the LD coefficients (only R-band) were linked
together for all LCs. The orbital period P , the eccentricity e
and the argument of periastron ω were kept fixed while the
mid-times of the event Tc, and the inclination were allowed
to vary separately. To avoid nonphysical results that dis-
agree with the RVs measured by van Eyken et al. (2012) we
constrain the fitting parameters. The inclination was chosen
to vary between 56◦ (minimum inclination for a transit to
occur for an orbital period of ∼0.44 d and a stellar radius
of ∼1R⊙, van Eyken et al. 2012) and 90
◦. Using the mass-
radius relation of young stars by Kraus et al. (2015) and the
results of Bricen˜o et al. (2005) and van Eyken et al. (2012),
the range of a
R∗
was set to 1.29 to 1.81. While evolutionary
models for irradiated planets by Baraffe et al. (2003) pre-
dicts that CVSO30 b cannot be smaller than 1.6 RJup, the
size of the Roche lobe (calculated from the mass ratio and
the semimajor axis) sets an upper limit of 1.9 RJup. There-
fore k was allowed to vary between 0.117 and 0.195. The
global results of the LC modelling are summarized in Ta-
ble 5, while the individual values for the mid-time and the
inclination are given in the appendix (Table B1).
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Figure 1. All observed R-band fading events of CVSO30 with the best-fitting model shown as black solid line (or as individual points
for LCs with large gaps). The observatory, telescope size, and the rms of the fit are indicated in each individual panel.
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5.2 Physical properties
The results of the LC modelling allow us to calculate stellar,
planetary, and geometrical parameters.
The mean stellar density ρ∗ can be derived directly from the
parameters obtained from the LC modelling using
ρ∗ =
3pi
GP 2
(
a
R∗
)3
(1)
(Winn 2010), where G is the gravitational constant. To cal-
culate the semimajor axis a, we inserted the improved period
(see Section 5.3) into Kepler’s third law. By resolving a/R∗
and RPl/R∗ using the already determined value for a we
deduce values for R∗ and RPl. The radius of the planet can-
didate as well as its mass were used to calculate the density
ρPl. The impact parameter b and the depth were calculated
for each individual fading event.
In addition, we calculated the equilibrium temperature of
the planet candidate Teq (assuming a Bond albedo= 0 and
only little energy redistribution across the surface of the
planet candidate; Hansen & Barman 2007) and the Safronov
number Θ (Safronov 1972), the square of the ratio of escape
velocity of the planet candidate vesc and orbital velocity vorb.
The results of the calculations for the global parameters are
summarized in Table 5, while the individual impact param-
eters and depths are given in Table B1 in the appendix. In
general, our derived system parameters are slightly smaller
but consistent with van Eyken et al. (2012) within the error
bars.
5.3 Timing analysis
The mid-times of the fading event that were obtained by
modelling (see section 5.1) are given in simple Julian date
(JD). They have been converted into the barycentric Julian
Date based on the barycentric dynamic time (BJDTDB) us-
ing the online converter5 by Eastman et al. (2010). While we
excluded four LCs with no clear detection of the brightness
dip from the timing analysis, we included the the original
published mid-time at epoch zero computed from many in-
dividual fading events (van Eyken et al. 2012). In total we
used 39 mid-times to compute updated ephemeris using an
error weighted linear fit. The result is given in equation (2),
where E denotes the epoch:
Tc[BJDTDB](E) = (2455543.9420 + E · 0.4483973) d
±0.0007 ±0.0000004
(2)
The period of the fading event P is 1.36 s shorter and 100
times more precise than the one given in van Eyken et al.
(2012).
Our updated ephemeris were used to calculate the “ob-
served minus calculated” (O–C) residuals. The obtained
O–C values are listed in Table B1 in the appendix. The
resulting O–C diagram is shown in Fig. 3. We also in-
cluded the published mid-times of Ciardi et al. (2015) and
Yu et al. (2015b). Significant deviations, up to 5.3σ from
the “zero”-line, can be seen in the O–C diagram. The
reduced χ2 for the error weighted linear fit is 2.3 and is a
result of the large scatter (∼20min only for the sample of
completely covered events) of the O–C values within each
5 http://astroutils.astronomy.ohio-state.edu/time/utc2bjd.html
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Figure 3. The O–C-diagram of CVSO30 b. The black filled
and open (with dashed error bars) symbols denote the com-
plete and the partial fading events, respectively. The data points
from van Eyken et al. (2012), Ciardi et al. (2015) and Yu et al.
(2015b) are shown in grey. The solid line represents the updated
ephemeris given in equation (2).
season.
Yu et al. (2015b) claimed from their timing analysis that
the fading events are not strictly periodic and reported
on a steady decrease in the period. While our mid-times
are in very good agreement with Yu et al. (2015b) in the
2010/2011 and 2013/2014 seasons they do not coincide
in the 2012/2013 and 2014/2015. Our data may suggest
that the mid-times deviate from the strictly periodic case
but we cannot confirm the fast orbital decay estimated by
Yu et al. (2015b). Moreover, Yu et al. (2015a, conference
poster) reported one more event observed around epoch
∼4000 which do not support the fast period change.
A generalised Lomb–Scargle periodogram (GLS;
Zechmeister & Ku¨rster 2009) of our O–C values of the
complete covered fading events was computed to search for
a periodicity. The highest peak PTTV =187.5± 0.9 epochs,
amplitude 9.8± 1.5min) in the periodogram corresponds to
a False-Alarm probability (FAP) of 54.3 per cent. Hence,
our data do not show any significant periodicity in the mid-
times of the fading events. Non-periodic timing variations
may still be possible. But with the varying quality of our
data set systematic errors in the mid-times that result from
the detrending of the LC cannot be excluded.
5.4 Orbital precession
As explained in section 5.1 we accounted for the changing
depth and duration by fitting an individual inclination for
each fading event. Any orbital precession should be seen in
the change of the inclination. Therefore we plotted the in-
clination over the epoch and carried out a period search us-
ing GLS. The periodogram for the 16 complete fading events
with a period range of 20 d (Nyquist frequency) to 3243 d
(longest baseline) is shown in Fig. 5. Although GLS outputs
a FAP for the highest peak at PIncl=152.97± 0.55 epochs
(∼ 68.5 d) of 0.2 per cent, we will not claim a significant de-
tection considering the quality and cadence of the data. Our
best fitting period is smaller than the previously published
precession periods that were derived from numerical models.
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Figure 5. Generalised Lomb–Scargle periodogram (top
panel) and window function (bottom panel) for the In-
clination of CVSO30 b. The highest peak corresponds to
PIncl=152.97± 0.55 epochs (∼ 68.5 d)
However, taking into account that between a clear detection
(JD 2455619) and a non-detection (JD 2455627) there are
as few as 8 d a lower precession period seems to be plausible.
6 STELLAR ROTATION
Understanding the stellar variability is of critical importance
for the investigation of the system properties. Due to stellar
rotation and spots on the surface, CVSO30 shows a quasi-
periodic variation. Additionally it also shows irregular vari-
ability, i.e. in the form of occasional flares. van Eyken et al.
(2012) investigated their two years’ data and found a strong
peak at ∼0.448 d which matches the orbital period of the
planet candidate. They concluded that the star is co-rotating
or in near co-rotation with the planetary orbit. They also
mentioned another peak at ∼0.998 d but claimed that this
is probably a result of the observing cadence. However, since
the planetary orbit is mis-aligned to the stellar rotation axis
by ∼ 70◦, Barnes et al. (2013) as well as Kamiaka et al.
(2015) stated that synchronous stellar rotation is almost im-
possible to achieve via tidal torques.
Koen (2015) reanalysed the data set of van Eyken et al.
(2012) along with their own six nights of observation in order
to investigate the stellar rotation. He found two fundamen-
tal periods, 0.33 d (or it’s alias of 0.50 d) and 0.448 d with
amplitudes varying from 25-43mmag.
With our 4 years baseline of 25Ori monitoring we carried out
a period analysis. Since the observing gap between two con-
secutive seasons is quite long and the amplitude of variation
changes over the years we analysed the data on a seasonal
basis. With GLS we computed a Lomb–Scargle periodogram
for every season and different combinations of telescopes in-
dividually. The data inside the time windows for the fad-
ing event were removed before the analysis. A visual in-
spection of the LCs in consecutive nights revealed the same
behaviour, hence the variation period should be ∼1 d or a
fraction or multiple of that. This is also confirmed by the
better quality LCs of Yu et al. (2015b). From the change
of the position of the brightness dip relative to the max-
ima or minima of the overall light variation on consecutive
days the rotation period has to be longer than the period of
the fading events (Yu et al. 2015b, e.g. their LCs from 2010
Dec 9 and 10). Fig. 6 shows a typical Lomb–Scargle peri-
odogram for S02. Table 6 summarizes the strongest peak
for all obtained Lomb–Scargle periodogram. We also in-
cluded a single computation for our best covered night (JD
2455941, see Fig. 7) and our best covered week (JD 2455958–
2455967). In all cases we found that the rotation period of
the star is ∼0.5 d which is slightly larger than the orbital pe-
riod of the planet candidate. This agrees with the results of
Ferraz-Mello et al. (2015) who found that active host stars
with big close-in companions tend to have rotational peri-
ods larger than the orbital periods of their companions. Our
rotation period is confirmed by Tanveer Karim et al. (2016)
who used several methods to determine the most probable
period for 1974 confirmed T Tauri members of various sub-
regions of the Orion OB1 association using a much larger
data set including the YETI data. It is also consistent with
the main frequency reported by Koen (2015) (f1 ≈ 3 or
its alias 2d−1). We can not find the previously reported ro-
tation period ∼0.448 d. As expected, the amplitude of the
variability changes in the different seasons between ∼30 and
∼100mmag. Interestingly, the obtained periods do not agree
within the error bars. Even if using the data from the same
season but with different telescopes we found a deviation in
period and amplitude. This could be a bias of the rotation
period itself. Since the star rotates with ∼0.5 d we always see
the same phase with only one telescope. Only after adding
data of another telescope at a very different longitude can
we cover a full phase. The data from S00 of Jena/Germany
and Gunma/Japan are, for example, complementary with no
overlap in phase. Therefore the rotation period of CVSO30
is an excellent example for the importance of global tele-
scope networks such as YETI.
7 SUMMARY AND DISCUSSION
CVSO30 is a unique planetary system. For the first time
both a close-in transiting and a wide directly imaged planet
candidates are found to orbit a common host star. Further-
more, with ∼2.4Myrs it is among the youngest exoplanet
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Figure 6. Generalised Lomb–Scargle periodogram (top panel)
and window function (bottom panel) for the S02 data of the Uni-
versity Observatory Jena, CIDA and Rozhen (data inside the
fading events were removed). The highest peak with a period
of Prot=0.49927± 0.00001 d. No peak is seen at the previously
reported rotation period Prot=0.4484 d (corresponding power:
p= 0.0165).
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Figure 7. Our best covered night JD 2455941 in S02 which was
used for the determination of the stellar rotation period. The
observations of CIDA/Venezuela are complementary to the other
two observatories and help to cover a complete phase.
systems.
CVSO30 b is, for several reasons, a very interesting object. If
confirmed as a planet it would be the first transiting planet
orbiting a T-Tauri star and the first transiting planet found
in a young open cluster. It also shows a highly variable shape
and even the disappearance and reappearance of the event
that could be due to orbital precession.
Our YETI monitoring observations of the young open clus-
ter 25Ori started in 2010 January with the aim to detect
and characterise young transiting planets. The YETI cam-
paigns for 25Ori continued over three consecutive years until
2013 February, followed by two more years of photomet-
ric follow-up observations. Over this period of five years
we obtained a significant collection of photometric time se-
ries of CVSO30. In total, our observations cover 62 time
windows for the fading event with at least one data point.
Out of these, 42 yielded usable data. However, one LC (JD
2455627) shows no indication for a brightness dip at the cal-
culated time although the whole window was covered with
Table 6. Summary of the strongest peak in the Lomb–Scargle pe-
riodogram that was obtained by period analysis for every season
and different combinations of telescopes.
Season Observatory* Period Amplitude
(d) (mmag)
S00 Jena, Gunma 0.49932 ± 0.00007 52.7 ± 1.8
S01 Jena 0.49936 ± 0.00001 41.0 ± 0.8
S02 Jena 0.49945 ± 0.00001 55.3 ± 0.5
S02
Jena, CIDA,
0.49927 ± 0.00001 78.6 ± 0.6
Rozhen
S03 Jena 0.49899 ± 0.00005 38.0 ± 1.0
S03 Xinglong 0.49928 ± 0.00022 28.9 ± 1.8
S03
Jena,
0.49896 ± 0.00005 37.3 ± 1.0
Xinglong
2455941
Jena, CIDA,
0.53834 ± 0.00652 99.3 ± 2.1
Rozhen
2455958-
Jena, CIDA 0.49745 ± 0.00036 72.7 ± 1.8
2455967
∗for a description see Table 2.
observations. Our data show the previously claimed chang-
ing depth, disappearance and reappearance of the fading
event as expected for a precessing planetary orbit. The val-
ues for the possible precession period range from ∼ 200 to
800 d (Barnes et al. 2013; Kamiaka et al. 2015). However,
given the time span between a clear detection and a non-
detection of the fading event the period could well be even
much shorter. Our search for a periodic change in incli-
nation yielded PIncl=152.97± 0.55 epochs (∼ 68.5 d) with a
FAP of 0.2 per cent. However, considering the quality of the
data and the gaps between seasons this period might be an
alias of the observing cadence. But since van Eyken et al.
(2012) calculated a possible precession period on the or-
der of tens to hundreds of days our result is not inconsis-
tent. Recently, Howarth (2016) repeated the precession mod-
elling using an improved version of the Barnes model. Since
they solution requires stellar properties that disagree with
the observations they claimed that precession might not be
the right explanation. However, all the precession modelling
by Barnes et al. (2013), Kamiaka et al. (2015) and Howarth
(2016) is based on one phase-folded and binned LC per sea-
son (2009,2010). Since the shape of the LCs seem to change
on faster time-scales than one year, averaging with subse-
quent fitting down to strong details might not be the best
approach, in particular in the presence of star spots.
Ciardi et al. (2015) report on a non-detection of the ading
event at JD 2456284. Our observation in 2013 January (JD
2456305) and the one of Yu et al. (2015b) from 2012 De-
cember 15 yielded a clear detection. These fading events are
only ∼ 8 d earlier and ∼ 21 later than the non-detection of
Ciardi et al. (2015). The detection of Ciardi et al. (2015) in
2013 November is in agreement with our photometric follow-
up observations four epochs (∼ 1.8 d) later. The existence of
the brightness dip in season 2013/2014 is also confirmed
by Yu et al. (2015b). In the 2014/2015 season Koen (2015)
and Kamiaka et al. (2015) reported on four and five non-
detections in 2015 January, respectively. However, the times
of their observing window was based on the van Eyken et al.
(2012) ephemeris. Considering our updated ephemeris (Eq.
2) and the fact that the brightness dip happened even earlier
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in the 2014/2015 season, the fading event was not covered
in their observations. In the case of Koen (2015) signs of a
brightness dip might be visible around 1 h before their pre-
dicted time (see their Fig. 2 LC JD 2457026, JD 2457028,
JD 2457029).
Orbital precession could also explain the very shallow fad-
ing event and the non-detection of the secondary eclipse in
the observations with Spitzer (Ciardi et al. 2015). The up-
per planetary radius limit deduced from the Spitzer data
seem to be in disagreement with the transit modelling of
the optical data. However, if the orbital inclination at this
epoch is low enough that only part of planetary disc transits
the star, the brightness dip will be very shallow.
Assuming the orbital precession, we modelled all detected
fading events with the inclination and the mid-time as free
parameters. Our derived stellar and planetary parameters
are smaller but within the error bars in agreement with the
values in van Eyken et al. (2012).
In our period search we found no significant periodic signal
in the O–C diagram.
The analysis of the out-of-event measurements yielded a stel-
lar rotation period of ∼ 0.5 d or a multiple of that. This is in
agreement with the finding of Koen (2015). However, we can-
not find the second fundamental period reported by Koen
(2015). Hence, we cannot confirm that the period of the
fading event is locked to the stellar rotation. Interestingly,
the amplitude of light variation caused by stellar rotation
seem to be correlated with the depth of the fading event.
Although the depth changes for every observation, it seem
to be generally higher in seasons with higher stellar activity
(see Tables B1 and 6). Because of the low number statistics
this cannot be quantified with the available data set.
A crucial point in the discussion is the confirmation of
the planetary nature of CVSO30b. Because of the miss-
ing secondary transit and Rossiter-McLaughlin effect, the
wavelength-dependent depth, and the failing precession
models, a planet with 3-5MJup is disfavoured by Yu et al.
(2015b) and Howarth (2016). Although a shorter precession
period might be possible the correlation between depth and
amplitude of variability weakens the giant-planet hypothe-
sis.
van Eyken et al. (2012), Ciardi et al. (2015) as well as
Yu et al. (2015b) intensively discussed the possibility of stel-
lar spots that mimic a transit signal. Ciardi et al. (2015)
concluded that it is not impossible for an active low-mass
star but it is very unlikely that a spot appears, evolves and
disappears at approximately the same longitude stable over
several years.
Stauffer et al. (2015) found periodic brightness dips in the
LCs of several classical T-Tauri stars that originate from
the co-rotation of clumps of dust in the circumstellar disc.
In these cases the stellar rotation period was close to the
period of the brightness dip. Although Cieza et al. (2007)
found that ∼ 20 per cent of the WTTSs (in their sam-
ple) show evidence for the presence of a circumstellar disc,
Herna´ndez et al. (2007) did not detect any infrared excess in
the Spitzer IRAC bands (3.6, 4.5, 5.8 and 8µm) and, hence,
considered CVSO30 as discless. This finding was confirmed
by Yu et al. (2015b) who reanalysed the SED of the star.
Therefore dust clumps orbiting this star seem to be unlikely.
However, Ciardi et al. (2015) and Yu et al. (2015b) showed
that there are evidences for ongoing accretion (accretion fea-
ture in the optical light curve, strength and breadth of the
Hα line profile). This points to the existence of an accretion
disc. Therefore the brightness dip could be caused by irregu-
larities in the accretion disc, extinction by infalling material
from the inner edge of the disc, or by a hotspot that is
produced by accretion. The latter scenario is favoured by
Yu et al. (2015b) because it is consistent with a low accre-
tion rate from a optical thin accretion disc.
An alternative explanation may be an occultation of the
star by dust from a disintegrating planet. So far there are
∼ 100 planet candidates known with orbital periods shorter
than one day, most of them smaller than twice the size of
Earth. Jackson et al. (2013) hypothesised that the origin
of these very short period Earth like planets may be the
remnants of disrupted hot jupiters. Two examples of dis-
integrating planets have been studied by Rappaport et al.
(2012) and Sanchis-Ojeda et al. (2015). As in the case of
CVSO30, they found a highly variable transit depth rang-
ing from 0 to 1.3 per cent in a highly erratic manner. In
both cases the actual planet is much smaller than expected
from the transit depth. If the mass and radius of CVSO30 b
are grossly overestimated it may explain the missing sig-
nal in the RV and Rossiter-McLaughlin measurements of
Ciardi et al. (2015) and Yu et al. (2015b). The latter did
not detect the spectroscopic transit in their observations
from 2013 December 12, although a transit event is seen in
our data one epoch before and after their observations (see
Fig. A9 transits JD 2456638 and 2456639). Furthermore,
disintegrating planets show variations in the transit shape
and asymmetric profiles, which can also be seen in some of
our LCs (e.g. JD 2455890 or 2456611). Sanchis-Ojeda et al.
(2015) showed that the transit depth of disintegrating plan-
ets is significantly wavelength dependent which we cannot
confirm with our observations (see Fig. 2) but is seen in four
out of five multicolour LCs of Yu et al. (2015b). The depth
is decreasing with wavelength as expected for extinction by
small dust grains. This is consistent with the shallower fad-
ing event in the IR observed by Spitzer. In seasons with
higher stellar activity more material is ’blown’ away from the
planet through higher levels of stellar high-energy irradia-
tion. Hence, a larger portion of the star could be occulted by
dust resulting in a deeper brightness dip. The disintegrating
planet hypothesis was also disfavoured by Yu et al. (2015b)
because of the fast orbital decay they detected. However,
we cannot confirm this fast change in period of the fading
event. CVSO30 seem to share some features with the ob-
ject reported by Vanderburg et al. (2015). They found six
statistically significant groups of fading events in the light
curve of the white dwarf WD1145+017. The O–C diagram
reported by Croll et al. (2015) shows the different groups
of transits that are similar in period but phase shifted.
Vanderburg et al. (2015) concluded that the white dwarf is
likely transited by multiple disintegrating minor planets or
planetesimals. The O–C diagram of CVSO30 might be ex-
plained by a similar mechanism, and hence, a disintegrating
planet remains a possibility to explain the CVSO30 system.
In conclusion, the system is too complex to confirm the plan-
etary nature of CVSO30b, yet. If it is indeed a giant planet
on a precessing orbit the period may be shorter than pre-
viously thought. Since this explanation seem to be unlikely
our most favoured solution would be a disintegrating planet
(or planetesimals) or ongoing episodic accretion. We are con-
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tinuing the process of analyzing the full data set obtained
with all 13 telescopes during the three years of YETI moni-
toring. Additionally, we are also obtaining further follow-up
observations of this unique and fascinating system. CVSO30
would benefit greatly from continuous space-based observa-
tions like K2 (Haas et al. 2014), or ESA’s space telescope
PLATO (’PLAnetary Transits and Oscillations of stars’,
Catala et al. 2011). If it is indeed confirmed as a planet, it
will provide important constraints on planet formation and
migration time-scales, and their relation to protoplanetary
disc lifetimes.
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Figure A2. Same as Figure A1 but for all LCs from Season 1 (2010/2011 season).
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Figure A3. Same as Figure A1 but for all LCs from Season 2 (2011/2012 season).
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Figure A4. Same as Figure A1 but for all LCs from Season 3 (2012/2013 season).
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Figure A5. Same as Figure A1 but for all LCs from Season 0 Gunma
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Figure A6. Same as Figure A1 but for all LCs from Season 2 CIDA
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Figure A7. Same as Figure A1 but for all LCs from Season 2 Rozhen
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Figure A8. Same as Figure A1 but for all LCs from Season 3 Xinglong
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Figure A9. Same as Figure A1 but for all follow-up LCs from the 2013/2014 Season. The used telescope are indicated. Unless noted
otherwise, all LC are taken in R-band.
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Table B1. Result of the transit fitting for all 38 detected fading events. The O–C was calculated with the ephemeris given in equation
(2). The c and p in the second column mark the complete and partial fading events, respectively. The root-mean-square (rms) of the fit
and the S/N of the observation are also given.
Epoch Tc (BJDTDB) Inclination (
◦) Impact parameter Depth (%) O–C (min) rms S/N
-709 p 2455226.0343+0.0110
−0.0120 77.6
+8.7
−10.0 0.39
+0.08
−0.09 4.7
+0.4
−0.5 8.5
+15.8
−17.3 26.62 1.8
-23 p 2455533.6385+0.0064
−0.0064 71.7
+7.5
−5.9 0.57
+0.07
−0.05 4.4
+1.0
−1.0 13.8
+9.2
−9.2 32.82 1.5
-21 c 2455534.5281+0.0038
−0.0032 64.6
+2.0
−1.3 0.77
+0.02
−0.01 3.7
+0.2
−0.2 3.5
+5.5
−4.6 23.01 1.6
90 p 2455584.2957+0.0130
−0.0140 63.5
+1.9
−5.7 0.81
+0.02
−0.05 3.5
+1.0
−1.0 -3.0
+18.7
−20.2 25.19 2.2
128 c 2455601.3394+0.0016
−0.0020 63.4
+0.9
−1.2 0.81
+0.01
−0.01 3.5
+0.2
−0.2 3.6
+2.3
−2.9 16.19 2.2
155 p 2455613.4205+0.0260
−0.0110 64.6
+13.0
−4.5 0.77
+0.11
−0.04 3.7
+1.0
−1.0 -33.3
+37.4
−15.8 22.74 1.2
157 p 2455614.3294+0.0130
−0.0046 64.6
+5.1
−4.6 0.77
+0.04
−0.04 3.7
+1.0
−1.0 -15.9
+18.7
−6.6 23.75 1.5
159 p 2455615.2512+0.0095
−0.0140 59.2
+2.4
−2.1 0.92
+0.02
−0.02 2.5
+1.0
−1.0 20.2
+13.7
−20.2 19.38 1.3
168 p 2455619.2631+0.0068
−0.0034 72.5
+8.7
−7.5 0.54
+0.08
−0.07 4.4
+1.0
−1.0 -14.0
+9.8
−4.9 21.15 2.0
175 p 2455622.4127+0.0180
−0.0100 62.2
+10.0
−1.8 0.84
+0.09
−0.02 3.3
+1.0
−1.0 1.6
+25.9
−14.4 22.64 1.7
722 p 2455867.6878+0.0041
−0.0044 63.1
+1.8
−1.6 0.82
+0.02
−0.01 3.4
+1.0
−1.0 4.1
+5.9
−6.3 19.44 1.9
744 c 2455877.5413+0.0100
−0.0075 68.9
+16.0
−7.0 0.65
+0.14
−0.06 4.2
+0.8
−0.4 -12.0
+14.4
−10.8 46.67 0.9
746 p 2455878.4553+0.0120
−0.0110 60.6
+3.7
−1.9 0.89
+0.03
−0.02 2.9
+1.0
−1.0 12.8
+17.3
−15.8 46.22 0.7
773 c 2455890.5504+0.0051
−0.0044 72.5
+9.5
−4.5 0.54
+0.09
−0.04 4.4
+0.5
−0.4 -4.0
+7.3
−6.3 16.82 3.6
786 p 2455896.3727+0.0052
−0.0041 78.1
+8.0
−7.4 0.37
+0.08
−0.07 4.7
+1.0
−1.0 -13.8
+7.5
−5.9 13.86 3.7
802 c 2455903.5600+0.0110
−0.0091 70.5
+11.0
−3.9 0.60
+0.10
−0.04 4.3
+0.5
−0.4 4.8
+15.8
−13.1 53.95 0.9
806 p 2455905.3500+0.0130
−0.0160 76.1
+10.0
−7.6 0.43
+0.09
−0.07 4.6
+1.0
−1.0 -0.3
+18.7
−23.0 73.17 0.7
815 c 2455909.3959+0.0074
−0.0040 65.7
+5.7
−2.5 0.74
+0.05
−0.02 3.8
+0.4
−0.3 14.6
+10.7
−5.8 47.34 0.9
817 p 2455910.2808+0.0074
−0.0058 81.7
+5.3
−5.9 0.26
+0.05
−0.06 4.8
+1.0
−1.0 -2.6
+10.7
−8.4 48.85 1.2
886 p 2455941.2124+0.0077
−0.0048 74.3
+8.1
−5.6 0.49
+0.08
−0.05 4.5
+1.0
−1.0 -13.9
+11.1
−6.9 15.76 3.2
887 c 2455941.6711+0.0058
−0.0084 64.6
+5.5
−1.7 0.77
+0.05
−0.01 3.7
+0.4
−0.2 0.9
+8.4
−12.1 16.82 2.9
889 p 2455942.5768+0.0073
−0.0150 77.8
+8.9
−5.8 0.38
+0.08
−0.05 4.7
+1.0
−1.0 13.8
+10.5
−21.6 21.55 2.7
893 c 2455944.3656+0.0018
−0.0028 66.7
+1.3
−1.7 0.71
+0.01
−0.02 3.9
+0.2
−0.3 6.9
+2.6
−4.0 17.32 2.8
924 c 2455958.2821+0.0054
−0.0063 79.8
+4.8
−9.2 0.32
+0.05
−0.09 4.7
+0.4
−0.5 30.2
+7.8
−9.1 44.71 1.2
925 p 2455958.7195+0.0085
−0.0076 67.0
+16.0
−4.5 0.71
+0.14
−0.04 4.0
+1.0
−1.0 14.3
+12.2
−10.9 12.42 3.8
927 p 2455959.5966+0.0057
−0.0058 78.3
+5.8
−7.9 0.37
+0.05
−0.07 4.7
+1.0
−1.0 -14.0
+8.2
−8.4 12.65 4.2
1698 c 2456305.3111+0.0034
−0.0034 61.4
+1.3
−0.8 0.86
+0.01
−0.01 3.1
+0.1
−0.2 -13.7
+4.9
−4.9 11.28 2.8
1700 p 2456306.2220+0.0068
−0.0056 79.0
+7.4
−8.1 0.34
+0.07
−0.08 4.7
+1.0
−1.0 6.6
+9.8
−8.1 23.40 2.1
1704 c 2456308.0085+0.0081
−0.0083 58.5
+1.6
−1.6 0.94
+0.01
−0.01 2.2
+0.2
−0.2 -3.6
+11.7
−12.0 21.15 1.1
2352 c 2456598.5721+0.0020
−0.0017 59.1
+0.4
−0.7 0.93
+0.00
−0.01 2.4
+0.1
−0.1 -0.6
+2.9
−2.4 3.55 7.7
2372 c 2456607.5400+0.0022
−0.0020 64.3
+1.8
−2.1 0.78
+0.02
−0.02 3.6
+0.2
−0.2 -0.7
+3.2
−2.9 5.69 13.4
2381 c 2456611.5790+0.0019
−0.0024 62.0
+1.7
−0.9 0.85
+0.01
−0.01 3.2
+0.2
−0.2 4.2
+2.7
−3.5 6.67 5.1
2401 c 2456620.5471+0.0017
−0.0017 63.5
+0.9
−1.2 0.80
+0.01
−0.01 3.5
+0.2
−0.2 4.5
+2.4
−2.4 6.69 5.5
2421 p 2456629.5150+0.0014
−0.0018 61.0
+0.5
−0.4 0.88
+0.00
−0.00 3.0
+0.1
−0.1 4.4
+2.0
−2.6 4.86 8.2
2430 c 2456633.5502+0.0027
−0.0018 63.0
+0.8
−1.2 0.82
+0.01
−0.01 3.4
+0.1
−0.2 4.0
+3.9
−2.6 9.06 6.4
2441 p 2456638.4813+0.0015
−0.0017 63.5
+0.8
−0.7 0.80
+0.01
−0.01 3.5
+0.2
−0.2 2.0
+2.2
−2.4 8.95 3.9
2443 c 2456639.3832+0.0046
−0.0028 63.4
+2.1
−1.0 0.81
+0.02
−0.01 3.5
+0.2
−0.2 9.4
+6.6
−4.0 11.72 1.9
3222a c 2456988.6606+0.0034
−0.0034 62.2
+2.9
−2.5 0.84
+0.02
−0.02 3.3
+0.2
−0.2 -25.3
+4.9
−4.9 9.25 2.8
3222b c 2456988.6606+0.0034
−0.0034 61.9
+2.4
−2.7 0.85
+0.02
−0.02 3.2
+0.2
−0.2 -25.3
+4.9
−4.9 10.29 2.8
a R-band
b B-band
